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ABSTRACT 



This paper describes the design and use of SIGMA, a computer pro- 
gram for the calculation of radar cross section of a dynamic target 
on a pulse to pulse basis, using the MK 25 Fire Control Radar. The 
program is written specifically for use on the Scientific Data Systems 
9300 computer in FORTRAN IV, but is readily adapted to other data pro- 
cessing systems. The input data base is composed of magnetic tape 
recordings of instrumented radar range and signal strength. Outputs 
include target cross section and range, and mean cross section and 
range in printed tabular listing, in graphical form, and on digital 
magnetic tape. 
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I. INTRODUCTION 



Radar cross sections for various simple geometric objects have 
been calculated and experimentally verified. Cross sections for more 
complex targets such as fixed and rotary wing aircraft have been 
measured. This is usually done by constructing a scale model of the 
target. The model is then placed in an anechoic chamber and illuminated 
with appropriate RF energy at a frequency scaled to the model. The 
aspect of the model with respect to the sensor is then varied and the 
backscattered energy is recorded. From this data cross section as a 
function of aspect and frequency is obtained. 

The examination of cross sections of geometric objects is useful in 
an academic approach to diffraction phenomenon, but bears little signi- 
ficance to the engineering of a radar system. Measurement of cross 
sections of models is at best, a first-order approximation to the 
determination of back-scatter cross section. The model is static and 
rests in a controlled environment. A dynamic target does not show a 
smooth, modelled shape. Further, backscatter is modified by turbine 
engine modulation and changes in diffraction of the wave fronts due to 
airfoil control surfaces and fuselage vibration. Since target size 
has a pronounced effect on the determination of radar system performance, 
it is then necessary that cross section be measured on dynamic targets. 

One method for dynamic measurement of cross section uses a ground- 
based fire control radar. Prior to tracking the target to be measured, 
the radar system is calibrated by tracking a 6-inch metal sphere lofted 
by a helium-filled balloon. Automatic Gain Control (AGC) voltage and 
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range are recorded. This calibration permits many of the parameters in 
the radar range equation to be considered as a single term. Immediately 
following the calibration, the target is tracked and AGC voltage and 
range are recorded. Comparing ranges to target and sphere for equal AGC 
voltages, cross section for the target can be calculated. While this 
method is a definite improvement over static measurement, disadvantages 
still exist. The AGC circuit serves to integrate the target data such 
that only mean cross sections can be calculated. Instantaneous data is 
lost. 

By recording the pulse to pulse variation in signal strength and 
computing a cross section for each pulse, much statistical data can be 
gained. For example, a spectral analysis of cross section variation 
could be performed. With a radar properly instrumented for recording 
azimuth and elevation data, correlation of the spectral lines with 
pattern recognition could produce target signatures. The computer pro- 
gram SIGMA described by this paper performs the first of these opera- 
tions. The received signal is converted to radar cross section on a 
pulse to pulse basis. The output data is then placed in a form con- 
ducive for statistical analysis by digital techniques. Although the 
program was written specifically for use on the Scientific Data Systems 
9300 computer, it is readily adapted to other user oriented systems. 
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II. THEORY 



The concepts for measurement of radar cross section on a pulse to 
pulse basis are similar to those outlined by Cunningham [Reference 1], 

The fire control radar that is used in the measurement is first cali- 
brated by tracking a target of known radar cross section, in this case a 
metallic sphere. Since the sphere presents a constant aspect and its 
cross section may be calculated, a functional relationship between 
radar range and signal strength can be found. Armed with this relation- 
ship and known constant sphere cross section, the unknown target is 
tracked, and signal strength and range are recorded. Radar cross section 
for the target is ultimately found by forming a ratio of radar range 
equations. Each range equation may be reduced to a relatively simple 
form if measurement of the target immediately follows calibration, and 
atmospheric effects are neglected. By proceeding in this manner, system 
parameters such as transmitted power, noise figure, integration improve- 
ment factor, system losses and antenna gain, may be assumed to remain 
constant. Let this then be the case as described and further, let a 
represent those terms which remain constant between calibration and 
measurement. Then the simplified form of the radar range equation is 
written as: 



where: 



R = radar range, meters 
S = detected signal, watts 

2 

a = radar cross section, meter 

O 

a = constant, meter -watts 
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In the MK 25 Fire Control Radar System, the voltage output from the box- 
car circuit is readily accessible and more conveniently measured than 
actual signal power at the receiver input. The functional relationship 
between this voltage and signal power is not linear because of the 
circuitry involved, but may be generally written: 

S = f (V) V (2) 

where V = boxcar circuit output voltage. 



Equation (1) may be 


rewritten: 






r4 = 

f(V)V 


(3) 


and further, let: 


3(V) = “ 
f(V) 


(4) 


then Equation (1) becomes: 






r 4 , e(V)a 
V 


(5) 


or: 


6<V) - ™ 


(6) 


and: 


V r 4 
a s 


(7) 



where Equation (7) has been subscripted for the calibration data on the 
sphere. Since R s and V s are measured and o s is calculated, there exists 
a value of the function which describes all system parameters. If R s 
and V $ are continuously recorded, then the lumped parameter function 
6(V) becomes continuous. For the calibration track, the sphere radar 
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